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1
MEDIUM VOLTAGE POWER CONTROLLER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 13/491,120, enftitled MEDIUM VOLTAGE POWER
CONTROLLER, filed Jun. 7, 2012, which claims priority
from and the benefit of U.S. Provisional Application No.
61/494,681, entitled MEDIUM VOLTAGE POWER CON-
TROLLER, filed Jun. 8, 2011 and 1s a continuation in part of
U.S. application Ser. No. 13/078,317, entitled MEDIUM
VOLTAGE STARTER FOR A CHILLER UNIT, filed Apr. 1,
2011, which 1s a continuation of U.S. application Ser. No.
12/040,063, entitled MEDIUM VOLTAGE STARTER FOR
A CHILLER UNIT, filed Feb. 29, 2008, which 1s a continu-
ation of U.S. application Ser. No. 11/314,148, entitled
MEDIUM VOLTAGE STARTER FOR A CHILLER UNIT,
filed Dec. 21, 2005, which claims priority from and the ben-
efit of U.S. Prowsmnal Application No. 60/638,828, entitled
MEDIUM VOLTAGE STARTER FOR A CHILLER UNIT,
filed Dec. 22, 2004, all of which applications are hereby
incorporated by reference.

BACKGROUND

The present invention relates generally to medium voltage
power controllers and, specifically, to medium voltage, solid-
state, power controllers for a chiller or HVAC system. The
term “power controller” as used herein can refer to either or
both of starters and variable speed drives.

In low voltage chiller systems, the starter box for the com-
pressor motor can be mounted directly on the chiller system
as discussed i U.S. Pat. No. 4,895,005, which patent is
hereby incorporated by reference. However, for a medium
voltage chiller system, the power controller box, 1.e., the
starter box and/or the variable speed drive box, for the com-
pressor 1s typically mounted on the floor either next to the
chiuller system or in a separate equipment room because of the
larger size of the power controller box, which size can typi-
cally be greater than 100 cubic feet.

One of the reasons for mounting the power controller box
on the floor for medium voltage chiller systems 1s that
medium voltage can be up to forty to fifty times greater than
low voltage. The larger voltages used in medium voltage
applications can create a more difficult working environment
because the electrical strike distance and creep distance are
much longer than in a low voltage environment. The longer
strike and creep distances require larger electrical spacings
and the use of protective equipment for the mounting of
components that result in a larger power controller box. In
addition, the devices used for the medium voltage power
controller box must be designed for the larger voltages asso-
ciated with medium voltage, which also contributes to a larger
power controller box. In other words, the physical size of the
box or cabinet, as caused by electrical spacing, strike and
creep distances and the need to cool the electrical compo-
nents, may be significant.

One attempt that has been made to mount medium voltage
starter components on a chiller system 1s described 1n U.S.
Pat. No. 6,679,076 to Duga et al. The Duga et al. system
discusses the use of two starter boxes mounted on the chiller
system for specific sizes of chiller systems and with specific
unit mounting locations. The two starter boxes 1n the Duga et
al. system are interconnected by wiring and conduit. One
major drawback of the two box arrangement in the Duga et al.
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system 1s that 1t involves complicated and expensive wiring,
arrangements in order to interconnect the starter boxes and

the motor.

Therefore, what 1s needed 1s a medium voltage, solid-state
power controller for a chiller system that can be mounted on
or near the chiller system without an electrical conduit con-
nection between the medium voltage motor and a box of the
power controller.

SUMMARY

The present invention 1s directed to a system including a
compressor, a condenser and an evaporator in fluid commu-
nication. The compressor, condenser and evaporator are
mounted as a structure. The system includes a motor con-
nected to the compressor to drive the compressor. The motor
1s mounted on the structure and the motor 1s powered by a
voltage greater than 600 volts. The system also includes an
enclosure having all components used 1n starting and operat-
ing the motor at variable speeds. The enclosure and compo-
nents are configured for operation at voltages greater than 600
volts. The enclosure 1s mounted on the structure near the
motor to permit electrical connections between the enclosure
and the motor.

The present invention 1s also directed to a system including,
a compressor, a condenser and an evaporator in tluid commu-
nication. The compressor, condenser and evaporator are
mounted to form an integral unit. The system includes a motor
connected to the compressor to drive the compressor. The
motor 15 mounted on the unit and the motor 1s powered by a
voltage greater than 600 volts and less than 25,000 volts. The
system includes a control panel being mounted on the unit and
at least one box used 1n starting and operating the motor at a
fixed speed or variable speed. The at least one box 1s mounted
on the unit near the motor. The at least one box includes a
power controller positioned in the at least one box. The power
controller includes at least one silicon controlled rectifier,
gate turn off device, field effect transistor, or isulated gate
bipolar transistor. The power controller 1s electrically con-
nected to the motor and the power controller 1s configured for
operation at voltages 1n a range between 600 volts and 25,000
volts. The at least one box includes a disconnect switch being
clectrically connectable to a power source supplying a volt-
age greater than 600 volts and less than 25,000 volts, a first
clectrical switch connected between the disconnect switch
and the power controller, and a second electrical switch con-
nected 1n parallel with the power controller between the first
clectrical switch and the motor to bypass the power controller
alter the motor 1s started. The first electrical switch 1s operable
to be opened and closed 1n response to control nstructions
received from the control panel. The first electrical switch 1s
configured for operation at voltages 1n a range between 600
volts and 25,000 volts. The second electrical switch 1s con-
figured for operation at voltages 1n a range between 600 volts
and 25,000 volts. The at least one box 1s mounted on the unit
to permit electrical connections between the box and the
motor without a separate power conduit connection between
the box and the motor.

The present invention 1s further directed to a system 1nclud-
ing a compressor, a condenser and an evaporator being inte-
grally mounted as a unit and a motor connected to the com-
pressor to drive the compressor. The motor 1s mounted on the
unit. The system includes a control panel mounted on the unit
and a variable speed drive controlled by the control panel. The
variable speed drive 1s configured to provide voltages to the
motor 1n a range between 600 volts and 25,000 volts and to
operate the motor at variable speeds. The variable speed drive
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1s mounted on the unit near the motor. The variable speed
drive 1s mounted on the unit to permit electrical connections
between the variable speed drive and the motor without a
power conduit connection between the variable speed drive
and the motor.

One embodiment of the present application 1s directed to a
chuller system having a compressor, a condenser and an
evaporator connected 1n a closed refrigerant loop. The com-
pressor, condenser and evaporator are integrally mounted to
form a chiller system unit. The chiller system also includes a
medium voltage motor connected to the compressor to drive
the compressor. The medium voltage motor 1s mounted on the
chiuller system unit. The chiller system has a control panel to
control operation of the chiller system and a single starter box
and/or a single or multi box variable speed drive having all the
components used 1n starting and operating the medium volt-
age motor. The control panel 1s mounted on the chiller system
unit and the power controller box(es) can be mounted on the
chuller system unit adjacent to the medium voltage motor. The
power controller box (or one of the power controller boxes) 1s
mounted on the chiller system to permit a close coupling of
clectrical connections between the power controller box and
the medium voltage motor without a power conduit connec-
tion between the power controller box and the medium volt-
age motor.

Another embodiment of the present application 1s directed
to a chiller system having a compressor, a condenser and an
evaporator connected 1n a closed refrigerant loop. The com-
pressor, condenser and evaporator are integrally mounted to
form a chiller system unit. The chiller system also has a
medium voltage motor connected to the compressor to drive
the compressor and a control panel to control operation of the
chuller system. The medium voltage motor and the control
panel are mounted on the chiller system unit. The chiller
system further has a single starter box and/or a single or multi
box variable speed drive used in starting and operating the
medium voltage motor. The power controller box(es) can be
mounted on the chiller system unit adjacent to the medium
voltage motor.

In one embodiment, the power controller box includes a
starter with a solid state starter device including at least one
s1licon controlled rectifier, a manually operated main discon-
nect switch, a first electrical switching arrangement con-
nected between the manually operated main disconnect
switch and the solid state starter device, and a bypass arrange-
ment including a second electrical switching arrangement.
The solid state starter device 1s electrically connected to the
medium voltage motor. The manually operated main discon-
nect switch 1s electrically connected to a medium voltage
power source. The first electrical switching arrangement 1s
configured to be opened and closed 1n response to control
instructions received from the control panel. The bypass
arrangement 1s connected 1n parallel with the solid state
starter device between the first electrical switching arrange-
ment and the medium voltage motor to bypass the solid state
starter device after the medium voltage motor 1s started.
Finally, the power controller box 1s mounted on the chiller
system to permit a close coupling of electrical connections
between the starter box and the medium voltage motor with-
out a power conduit connection between the power controller
box and the medium voltage motor.

In another embodiment, the power controller box(es) can
include a varniable speed drive with a manually operated main
disconnect switch or contactor, a first electrical switching
arrangement or rectifier device including at least one diode,
IGBT, FET or similar device connected between the manu-
ally operated main disconnect switch or contactor and a DC
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filter, followed by a second electrical switching arrangement
including at least one IGBT or similar device. The manually
operated main disconnect switch 1s electrically connected to
a medium voltage power source. The first electrical switching
arrangement 1s configured to be opened and closed to convert
the AC main power to DC. The DC filter smoothes the result-
ing DC power. The second electrical switching arrangement,
in response to control mstructions received from a control
panel, converts the DC power back to variable frequency AC
to control the speed of the motor connected to the output of
the drive. Finally, the power controller box(es) can be
mounted on the chiller system to permit a close coupling of
clectrical connections between the power controller box and
the medium voltage motor without a separate power conduit
connection between the power controller box and the medium
voltage motor. In an alternate embodiment, one power con-
troller box can be mounted on the floor (or wall or other
mounting platform) near the chiller system and a second
power controller box can be mounted on the chiller system in
a manner to avoid the use or requirement of an electrical
conduit connection between the second power controller box
and the medium voltage motor.

Still another embodiment of the present application 1s
directed to a chiller system having a compressor, a condenser
and an evaporator connected in a closed refrigerant loop. The
compressor, condenser and evaporator are integrally mounted
to form a chiller system unit. The chiller system also has a
medium voltage motor connected to the compressor to drive
the compressor. The medium voltage motor 1s mounted on the
chuller system unit. Finally, the chiller system has a control
arrangement that consists of a control panel to control opera-
tion of the chiller system and a power controller box con-
trolled by the control panel and includes all components used
in starting and operating the medium voltage motor. The
control panel 1s mounted on the chiller system unit and the
power controller box 1s mounted on the chiller system umnit
adjacent to the medium voltage motor. The power controller
box 1s mounted on the chiller system to permit a close cou-
pling of electrical connections between the power controller
box and the medium voltage motor without a separate power
conduit connection between the power controller box and the
medium voltage motor.

One advantage of the present application 1s that 1t provides
a compact, space saving, power controller for chiller motors
that can easily be incorporated on a chiller system unat.

Another advantage of the present application 1s that it saves
equipment room tloor space.

Still another advantage of the present application 1s that
fewer materials, e.g., sheet metal, conduit connections, elec-
trical connectors, conduit, etc., are required for the chiller
system.

Still another advantage of the present application 1s the
climination of damaging electrical signals and noise that may
harm the electrical motor, bearings, or other sensitive elec-
tronic equipment due to long cable length.

A further advantage of the present application 1s that unit
mounting of the variable speed drive requires no additional
floor space and permits factory wiring and testing.

Another advantage of the present application is that the
power controller box 1s positioned off the floor by several feet
and does not obstruct the water boxes present on all chillers
thereby permitting tube cleaning or single pass water connec-
tions.

Other features and advantages of the present application
will be apparent from the following more detailed description
of the preferred embodiment, taken 1n conjunction with the
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accompanying drawings which illustrate, by way of example,
the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows schematically an embodiment of a chiller
system.

FIG. 2A shows one arrangement of a power controller box.

FIGS. 2B and 2C show alternative arrangements of a power
controller box.

FIG. 3 shows a perspective view of an embodiment of the
power controller box and control panel being mounted on a
chuller system.

FIG. 4 shows schematically a partial end view of an
embodiment of the power controller box being mounted on a
chuller system.

FI1G. 5 shows a front view of an embodiment of the power
controller box being mounted on a chiller system.

FIG. 6 shows an oblique view of an embodiment of the
power controller box being mounted on a chiller system.

FI1G. 7 shows a side view of an embodiment of the power
controller box being mounted on a chiller system.

FIGS. 8 and 9 show schematically side views of different
embodiments of the power controller box and motor.

FIGS. 10 and 11 show schematically top views of different
embodiments of the power controller box and motor.

FI1G. 12 shows schematically an exemplary embodiment of
a variable speed drive.

FIG. 13 shows schematically a perspective view of an

integrated power controller box and motor.
FIGS. 14 and 15 show schematically top views of different
embodiments of multiple power controller box arrangements.
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like parts.

DETAILED DESCRIPTION OF TH
EXEMPLARY EMBODIMENTS

(Ll

FIG. 1 illustrates generally an embodiment of an HVAC,
refrigeration or liquid chiller system 100. As shown in FIG. 1,
the HVAC, refrigeration or liquid chiller system 100 includes
a compressor 102, a condenser 104, expansion device(s) 105,
a liquid chiller or evaporator 106 and a control panel 108. A
motor 124 can be used to drive the compressor 102, and a
power controller box, cabinet or enclosure 122 1s close
coupled to the motor 124 to start and/or operate the motor
124. The motor 124 and the power controller box 122 can be
configured for medium voltage operation, e.g., operation at
greater than about 600 volts (V) and less than or equal to about
25 kilovolts (kV). In another exemplary embodiment,
medium voltage may be defined by IEEE Std. 1623-2004 or
ANSI/IEEE 1585-2002 (these two standards refer to medium
voltage as 1 kV to 35 kV). The compressor 102, condenser
104, expansion device(s) 103, evaporator 106, control panel
108, motor 124 and the power controller box 122 can be all
mounted together as a structure or integrally mounted to form
a chiller system unut.

The motor 124 can be a fixed speed motor, but, 1n another
embodiment can be a variable speed motor. In the embodi-
ment where the motor 124 1s a vaniable speed motor, the
power controller box 122 can include a variable speed drive
configured for operation at medium voltage in order to oper-
ate the motor 124 at variable speeds.

The compressor 102, driven by the motor 124, compresses
a refrigerant vapor and delivers the vapor to the condenser
104 through a discharge line. The compressor 102 can be a
centrifugal compressor in one embodiment, but in other
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embodiments can be any suitable type of compressor, e.g.,
SCrew Compressor, reciprocating compressor, etc. The refrig-
erant vapor delivered by the compressor 102 to the condenser
104 enters 1nto a heat exchange relationship with a fluid, e.g.
water or air, and undergoes a phase change to a refrigerant
liquid as a result of the heat exchange relationship with the
fluid. The condensed liquid refrigerant from the condenser
104 flows through an expansion device 105 to an evaporator

106.

The evaporator 106 can include connections for a supply
line and a return line of a cooling load. A secondary liquid or
process tluid, e.g. water, ethylene glycol, calcium chloride
brine or sodium chloride brine, travels into the evaporator 106
via the return line and exits the evaporator 106 via the supply
line. The liquid refrigerant in the evaporator 106 enters into a
heat exchange relationship with the process tluid to lower the
temperature of the process fluid. The refrigerant liquid in the
evaporator 106 undergoes a phase change to a refrigerant
vapor as a result of the heat exchange relationship with the
process fluid. The vapor refrigerant 1in the evaporator 106
exits the evaporator 106 and returns to the compressor 102 by
a suction line to complete the cycle. It 1s to be understood that
any suitable configuration of the condenser 104 and evapora-
tor 106 can be used in the system 100, provided that the
appropriate phase change of the refrigerant in the condenser
104 and evaporator 106 1s obtained.

The control panel 108 can include an analog to digital
(A/D) converter, a microprocessor, a non-volatile memory,
and an 1nterface board to control operation of the system 100.
The control panel 108 can execute a control algorithm(s) to
control operation of the power controller box 122, including
the power sections ol a variable speed drive. The control of
the power controller box 122 by the control panel 108 can
provide an operator of the system 100 with a single interface
point for controlling the system 100. In one embodiment, the
control algorithm(s) can be one or more computer programs
or soitware stored in the non-volatile memory of the control
panel 108 and can include a series of instructions executable
by the microprocessor of the control panel 108. While the
control algorithm can be embodied 1n a computer program(s)
and executed by the microprocessor, 1t 1s to be understood that
the control algorithm may be implemented and executed
using digital and/or analog hardware by those skilled in the
art. It hardware 1s used to execute the control algorithm(s), the
corresponding configuration of the control panel 108 can be
changed to incorporate the necessary components and to
remove any components that may no longer be required.

As discussed above, the control panel 108 can execute a
control algorithm(s) to control operation of the power con-
troller box 122, including the power sections of a variable
speed drive. In one embodiment, the control panel 108 can
provide all of the controls for the components 1n the power
controller box 122 and thus, the power controller box 122
does not require any operator control interface or correspond-
ing control components. However, in another embodiment,
the control panel 108 can provide just control commands or
control signals, e.g., start commands, stop commands, speed
commands, etc., to the power controller box 122 and receive
data from the components of the power controller box 122
regarding the operation of the power controller box 122, 1.¢.,
a data acquisition function. In the embodiment where the
power controller box 122 recerves control commands, the
power controller box 122 again does not have any operator
control interface, but may have corresponding control com-
ponents to process the control commands from the control

panel 108.
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The power controller box 122 can be mounted on the
chiuller system unit with the other components of the chiller
system 100. In one exemplary embodiment, to permit the
power controller box 122 to be mounted on the chiller system
100, the power controller box 122 can have a size of between
about 40 cubic feet and about 400 cubic feet. However, 1t 1s to
be understood that larger sized power controller boxes, 1.¢.,
boxes greater than 400 cubic feet, can also be mounted on the
chuller system.

FIGS. 3-7 illustrate embodiments of mountings of the con-
trol panel 108 and/or the power controller box 122 on the
chuller system unit. The control panel 108 and the power
controller box 122 can be mounted on one or both of the
system shells, 1.e., the condenser shell 104 or the evaporator
shell 106, of the chiller system unit. A short electrical con-
nection 302 between the control panel 108 and the power
controller box 122 1s used to provide the necessary connec-
tions between the control panel 108 and the power controller
box 122. In addition, the power controller box 122 1s placed
on the chiller system unit to permit the power controller box
122 to be directly or close coupled (less than a foot) to the
motor 124 and specifically to the main motor lead exit hub
(not shown), without the need for any power conduit connec-
tions between the power controller box 122 and the motor
124. The only power conduit connection that 1s needed 1s the
connection 304 between the building electrical service, 1.e.,
the medium voltage power supply or source, and the power
controller box 122. In another embodiment, the power con-
troller box 122 can still be mounted on the chiller system unit
but not 1 a position to provide the close coupling to the motor
124. In this embodiment, a power conduit can be used to
connect the motor 124 and the power controller box 122.

In addition, as shown 1n FIG. 4, the motor 124 and com-
pressor 102 can be mounted on the same system shell as the
power controller box 122 and control panel 108. However, in
another embodiment, the motor 124 and compressor 102 can
be mounted between the system shells using one or both of the
system shells for support. In still a further embodiment, as
shown 1 FIGS. 6 and 7, the motor 124 and compressor 102
can be mounted on the other system shell from the power
controller box 122 and control panel 108.

In another embodiment, as shown in FIG. 13, the motor
may be included nside the power controller box. The medium
voltage power controller and medium voltage motor are inte-
grated with one another 1n a single box or enclosure. Cooling
for the motor and the power controller may be accomplished
with refrigerant, water, e.g., condenser water, evaporator sec-
ondary liquid or process fluid, o1l, or by the use of heat pipes.
Using one or more cooling configurations can optimize the
space available for all electrical and mechanical components.

FIGS. 2A-2C illustrate configurations of some of the com-
ponents of the power controller box 122. In FIG. 2A, the
power connection 304 from the building electrical service 1s
connected to the power controller box 122 and provides the
medium voltage power or line voltage to a main disconnect
switch 402. The main disconnect switch 402 can be used to
disconnect the remaining components of the power controller
box 122 from the line voltage for satfety reasons or any other
suitable reason. The main disconnect switch 402 1s manually
operated and can be accessed from the outside of the power
controller box 122, thereby providing a mechanical safety
interlock feature for the starter box 122. The main disconnect
switch 402 i1s then connected to an electrical switching
arrangement 403 that can also be used to disconnect power
from the motor 124. The electrical switching arrangement
403 can be controlled directly by the control panel 108 or
controlled indirectly by the control panel 108 through a power
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controller logic module 406 1n the power controller box 122.
The electrical switching arrangement 403 can be a contactor
arrangement having vacuum switches controlled by a coail.
However, it 1s to be understood that any suitable electrical
switching arrangement can be used for the electrical switch-
ing arrangement 403. In another embodiment, if a line break
disconnect switch or other electronic switch 1s used as the
main disconnect switch 402, then the electrical switching
arrangement 403 may not be required.

The electrical switching arrangement 403 1s connected to a
power controller device 404, which in turn 1s connected to the
motor 124. The power controller device 404 can be used to
“soft start” the motor 124 on an imitial startup of the motor and
then to permit vaniable speed operation of the motor 124 after
startup. The power controller device 404 can incorporate
semiconductor switches such as silicon controlled rectifiers
(SCRs), insulated gate bipolar transistors (IGBTs), field
cifect transistors (FETs), diodes or gate turn off (GTO)
devices. The power controller device 404 can be controlled
directly by the control panel 108 or controlled indirectly by
the control panel 108 through the power controller logic and
gate drivers 406. In an exemplary embodiment, all compo-
nents 1n the power controller box 122 requiring control con-
nections are electrically connected or wired to the power
controller logic 406 (not specifically shown 1 FIG. 2A),
which power controller logic 406 then operates to facilitate
communication between the components and the control
panel 108.

FIGS. 2B and 2C 1illustrate other configurations of the
power controller box 122. The configuration shown 1n FIG.
2B 1s similar to the configuration shown 1n FIG. 2A except
that a bypass arrangement 1s included and the power control-
ler device 404 1s a starter. The power connection 304 from the
building electrical service 1s connected to the power control-
ler box 122 and provides the medium voltage power or line
voltage to a main disconnect switch 402. The main disconnect
switch 402 i1s then connected to an electrical switching
arrangement 403 that can also be used to disconnect power
from the motor 124. The electrical switching arrangement
403 1s connected to a power controller device 404, which, 1n
turn, 1s connected to the motor 124. The power controller
logic 406 operates to facilitate communication between the
components 1n the power controller box 122 and the control
panel 108. In one embodiment, all components 1n the power
controller box 122 requiring control connections are electri-
cally connected or wired to the power controller logic 406
(not specifically shown 1n FIG. 2B), which power controller
logic 406 then operates to facilitate communication between
the components and the control panel 108.

The bypass arrangement 1s used to electrically bypass the
solid-state starter version of the power controller device 404
aiter the motor 124 has been started to permit the motor 124
to be powered by the line voltage from the main disconnect
402. The bypass arrangement includes a second electrical
switching arrangement 405 that can be used to provide line
power to the motor 124 without having to use the solid-state
starter of power controller device 404. By avoiding the use of
the solid state starter of the power controller device 404 for
normal operations and limiting 1ts use to start-up operations,
the amount of heat generated (and the amount of cooling that
1s required) 1n the power controller box 122 1s reduced when
compared to operating the solid-state starter of the power
controller device 404 for both start-up and normal operations.
The electrical switching arrangement 405 can be controlled
directly by the control panel 108 or controlled indirectly by
the control panel 108 through the starter logic module 406.
The electrical switching arrangement 403 can be a contactor
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arrangement having vacuum switches controlled by a coail.
However, 1t 1s to be understood that any suitable electrical
switching arrangement can be used for the electrical switch-
ing arrangement 405. The configuration shown 1n FIG. 2C 1s
similar to the configuration shown 1n FIG. 2B except that the
power controller device 404 1s a vaniable speed drive 1nstead
of a starter.

The power controller box 122 includes many other fea-
tures, such as a lightning arrestor and the appropriate fuses
and buses, that are not shown 1n FIGS. 2A-2C. The compo-
nents of the power controller box 122 may be air cooled. In
other embodiments, the components of the power controller
box 122 can be cooled with cooling fluids from the chiller
system 100, such as water (e.g., condenser water), evaporator
process flud, oil, or refrigerant, or by the use of heat pipes.
The use of liquid cooling 1n the power controller box 122 can
be used to enable physical size reduction of the power con-
troller box. In still another embodiment, the power controller
box 122 can also 1nclude the appropriate components, e.g.,
transiormers, to power all motors on the chiller system unit
including o1l pump motors, cooling tluid pump motors, purge
unit motors, fan motors, etc.

In another embodiment, some insulating methods used
with the components of the power controller box 122 and/or
the power controller box 122 itself to enable physical size
reduction can include the use of potting material, o1l, thermal
dielectric fluid, vacuum, or inert pressurized gas.

In an exemplary embodiment where the power controller 1s
a variable speed drive (VSD), the power controller box 122
can use multiple boxes or enclosures for the components of
the VSD. The multiple boxes can be mounted at different
locations on the unit or system and interconnected by conduit
or be close coupled. In another embodiment, one or more
boxes or enclosures for the components of a variable speed
drive (VSD) can be unit or system mounted while one or more
other boxes for the VSD components can be floor (or wall)
mounted next to the unit or system. The use of multiple boxes
may be necessary where all medium voltage components
cannot it 1nto one box with the size necessary to mount on a
particular chiller system configuration. In one embodiment,
input fuses and disconnect switches, mput transformer, input
contactor, filter capacitors and rectifier sections could be
placed or housed 1n one or more separate boxes and mounted
at a distance from the motor. In another embodiment, the
inverter section of the VSD could be housed 1n a unit mounted
box and the rectifier section of the VSD could be housed in a
floor mounted box.

In another exemplary embodiment, the power controller
box 122 can use two boxes or enclosures for the components
of the varniable speed drive. The two boxes can both be
mounted on the unit or system (see e.g., FIG. 14) or one box
can be mounted on the unit or system and the other box can be
mounted next to the unit or system on the floor, wall or other
mounting structure (see e.g., FIG. 15). In one embodiment,
the input terminals, disconnect switch, and fuses for the VSD
can be mounted 1n one box and the contactor, transformer,
rectifier (either diodes or IGBTs), bus filter, inverter, output
filter, and output terminals for the VSD can be mounted in the
other box. In a second embodiment, the input terminals, dis-
connect switch, fuses, contactor, and transtormer forthe VSD
can be mounted 1n one box and the rectifier (either diodes or
IGBTs), bus filter, inverter, output filter, and output terminals
for the VSD can be mounted in the other box. In a third
embodiment, the mput terminals, disconnect switch, fuses,
contactor, transformer, and rectifier (either diodes or IGBTs)
for the VSD can be mounted 1n one box and the bus filter,
inverter, output filter, and output terminals for the VSD can be

10

15

20

25

30

35

40

45

50

55

60

65

10

mounted 1n the other box. In a fourth embodiment, the input
terminals, disconnect switch, fuses, contactor, transformer,
rectifier (either diodes or IGBTSs), and bus filter for the VSD
can be mounted 1n one box and the inverter, output filter, and
output terminals for the VSD can be mounted in the other box.
In all four of the previously described embodiments, the box
that contains the inverter can be mounted on the unit or system
near the motor to avoid or prevent the use or requirement of
clectrical conduit connections between the unit mounted box
and the medium voltage motor. Some factors that can be used
to determine which embodiment 1s used and where VSD
components are mounted can include the physical size of the
two boxes or enclosures, the space available 1n the boxes or
enclosures, the number of conductors to be used and electrical
noise considerations.

In one exemplary embodiment, the power controller box
can have an “L” shape over or around the end bell of the motor
to provide more space for the components. In another
embodiment, the motor could be located inside the power
controller box. In still another embodiment, the power con-
troller box can surround the motor with a “U” shape. For all of
the different power controller box configurations, the motor
heat must be dealt with since 1t cannot add to the heat load of
the power controller box. FIGS. 8-11 show schematically
different configurations of the power controller box relative to
the motor.

FIG. 12 shows an exemplary embodiment of a VSD. The
VSD 52 recerves AC power having a particular fixed line
voltage and a fixed line frequency from an AC power source
and provides AC power to the motor 124 at a desired voltage
and desired frequency, both of which can be varied to satisty
particular speed and torque requirements. The VSD 52 can
have three components: a rectifier/converter 222, a DC link
224 and an 1nverter 226. The rectifier/converter 222 converts
the fixed frequency and fixed magnmitude AC voltage from the
AC power source mto DC voltage. The DC link 224 filters the
DC power from the converter 222 and provides energy stor-
age components such as capacitors and/or inductors. Finally,
the inverter 226 converts the DC voltage from the DC link 224
into variable frequency and variable magnitude AC voltage
for the motor 124.

In another exemplary embodiment, instead of mounting
the disconnect switch and corresponding fusing in the power
controller box, the disconnect switch and fusing in the build-
ing power distribution equipment can be used. By using the
disconnect switch and fusing 1n the building power distribu-
tion equipment, a significant mechanical piece can be
removed from a unit mounted drive or box. Such a configu-
ration 1s permitted since the National Electrical Code states
that the disconnect switch must be within sight of the chiller.

While the exemplary embodiments illustrated in the fig-
ures and described herein are presently preferred, 1t should be
understood that these embodiments are offered by way of
example only. Other substitutions, modifications, changes
and omissions may be made 1n the design, operating condi-
tions and arrangement of the exemplary embodiments with-
out departing from the scope of the present application.
Accordingly, the present application 1s not limited to a par-
ticular embodiment, but extends to various modifications that
nevertheless fall within the scope of the appended claims. It
should also be understood that the phraseology and terminol-
ogy employed herein 1s for the purpose of description only
and should not be regarded as limiting.

Only certain features and embodiments of the mvention
have been shown and described in the application and many
modifications and changes may occur to those skilled 1n the
art (e.g., variations 1n sizes, dimensions, structures, shapes




US 8,820,105 B2

11

and proportions of the various elements, values of param-
eters, mounting arrangements, use ol materials, orientations,
ctc.) without matenally departing from the novel teachings
and advantages of the subject matter recited in the claims. For
example, elements shown as integrally formed may be con-
structed of multiple parts or elements, the position of ele-
ments may be reversed or otherwise varied, and the nature or
number of discrete elements or positions may be altered or
varied. The order or sequence of any process or method steps
may be varied or re-sequenced according to alternative
embodiments. It 1s, therefore, to be understood that the
appended claims are intended to cover all such modifications
and changes as fall within the true spirit of the mvention.
Furthermore, in an effort to provide a concise description of
the exemplary embodiments, all features of an actual imple-
mentation may not have been described (1.e., those unrelated
to the presently contemplated best mode of carrying out the
invention, or those unrelated to enabling the claimed mven-
tion). It should be appreciated that in the development of any
such actual implementation, as in any engineering or design
project, numerous implementation specific decisions may be
made. Such a development effort might be complex and time
consuming, but would nevertheless be a routine undertaking
of design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure, without undue
experimentation.

What 1s claimed 1s:

1. A system comprising:

a compressor, a condenser and an evaporator 1n fluid com-
munication, the compressor, condenser and evaporator
being mounted to form an integral unit;

a motor connected to the compressor to drive the compres-
sor, the motor being mounted on the unit, the motor
being powered by a voltage greater than 600 volts and
less than 25,000 volts:

a variable speed drive, the variable speed drive being oper-
able to provide a variable current and variable voltage to
the motor to operate the motor at variable speeds, the
variable speed drive comprising;:

a first enclosure mounted on the unit near the motor;

a second enclosure mounted next to the unit;

an inverter electrically connected to the motor, the
inverter being mounted 1n the first enclosure; and

a disconnect switch connected to a supply voltage for the
variable speed drive, the disconnect switch being
mounted in the second enclosure.

2. The system of claim 1 wherein the second enclosure 1s
mounted on one of a floor, a wall or a mounting structure
separate from the unit.

3. The system of claim 1 wherein the first enclosure 1s
mounted on the unit to permit electrical connections between
the inverter and the motor without a separate power conduit
connection between the first enclosure and the motor.

4. The system of claim 1 wherein the variable speed drive
turther comprises:

a contactor, the contactor being mounted 1n one of the first

enclosure or the second enclosure;

a transformer, the transformer being mounted 1n one of the
first enclosure or the second enclosure;

a rectifier, the rectifier being mounted 1n one of the first
enclosure or the second enclosure; and

a bus filter, the bus filter being mounted 1n one of the first
enclosure or the second enclosure.

5. The system of claim 4 wherein the contactor 1s mounted
in the second enclosure, the transformer 1s mounted 1n the
second enclosure, the rectifier 1s mounted in the second enclo-
sure, and the bus filter 1s mounted 1n the second enclosure.
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6. The system of claim 4 wherein the contactor 1s mounted
in the first enclosure, the transformer 1s mounted 1n the first
enclosure, the rectifier 1s mounted in the second enclosure,
and the bus filter 1s mounted 1n the second enclosure.

7. The system of claim 4 wherein the contactor 1s mounted
in the first enclosure, the transformer 1s mounted in first
enclosure, the rectifier 1s mounted 1n the first enclosure, and
the bus filter 1s mounted 1n the second enclosure.

8. The system of claim 4 wherein the contactor 1s mounted
in the first enclosure, the transformer 1s mounted 1n the first
enclosure, the rectifier 1s mounted 1n the first enclosure, and
the bus filter 1s mounted 1n the first enclosure.

9. The system of claim 4 wherein the variable speed drive
turther comprises:

input terminals and fuses mounted 1n the second enclosure;
and

output terminals and an output filter mounted 1n the first
enclosure.

10. The system of claim 4 wherein the bus filter comprises

a filter capacitor.

11. The system of claim 4 wherein the rectifier comprises at
least one of a diode or an 1nsulated gate bipolar transistor.

12. A system comprising:

a compressor, a condenser and an evaporator 1n fluid com-
munication;

the compressor, condenser and evaporator being mounted
as a structure;

a motor connected to the compressor to drive the compres-
sor, the motor being mounted on the structure, the motor
being powered by a voltage greater than 600 volts;

a control panel being mounted on the structure;

a variable speed drive controlled by the control panel, the
variable speed drive being configured to provide volt-
ages to the motor 1 a range between 600 volts and
25,000 volts to operate the motor at variable speeds, the
variable speed drive comprising:
at least one box mounted on the structure:

a rectifier, a DC link and an inverter mounted 1n the at
least one box; and

the rectifier comprising an electrical switching arrange-
ment, the electrical switching arrangement having a
plurality of switches being opened and closed to con-
vert AC power to DC power.

13. The system of claim 12 wherein the plurality of
switches of the electrical switching arrangement comprises a
plurality of silicon controlled rectifiers, gate turn oil devices,
field effect transistors, or insulated gate bipolar transistors.

14. The system of claim 12 wherein the at least one box 1s
mounted on at least one of a shell of the evaporator or a shell
of the condenser.

15. The system of claim 12 wherein the at least one box 1s
mounted on the structure to permit electrical connections
between the variable speed drive and the motor without a

power conduit connection between the vanable speed drive
and the motor.

16. The system of claim 12 wherein the plurality of
switches of the electrical switching arrangement are electri-
cally msulated from each other with at least one of potting
material, oi1l, thermal dielectric fluid, vacuum, or inert pres-
surized gas.

17. The system of claim 12 wherein the control panel 1s
configured to control the rectifier and the mnverter of the
variable speed drive.

18. The system of claim 12 further comprising a main
disconnect switch connected between the variable speed
drive and a medium voltage electrical service.
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19. The system of claim 12 wherein the at least one box
comprises two boxes, the rectifier being mounted 1n a first box
of the two boxes and the 1inverter being mounted 1n a second
box of the two boxes, the second box being mounted on the
structure near the motor to avoid using electrical conduit to
connect the second box and the motor.

20. The system of claim 12 wherein the variable speed
drive further comprises a module mounted 1n the at least one
box, the module being configured to receive control mnstruc-
tions from the control panel and provide control instructions
to the plurality of switches of the electrical switching arrange-
ment.
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